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Abstract. Very deep neutral hydrogen (HI) observations of the edge-on spiral
galaxy NGC 3079 with the Westerbork Synthesis Radio Telescope (WSRT) are
presented. The galaxy has been studied extensively in different wavelengths and
known for its several unique and complex features. However, the new data still
revealed several new features and show that the galaxy is even more complicated
and interesting than previously thought. In the new data a large stream of gas,
encircling the entire galaxy, was discovered, while the data also show, for the
first time, that not only hot gas is blown into space by the starburst/AGN, but
also large amounts of cold gas, despite the high energies involved in the outflow.
1 NGC 3079
NGC 3079 is one of the nearby (∼ 16 Mpc) edge-on spiral galaxies that have
been studied extensively in different wavelengths. It is classified as Seyfert 2
(Ford et al. 1986) and shows evidence of starburst activity (e.g; Veilleux et al.
1994). The galaxy is known for its several unique features, including an ionized
gas outflow as a ”super-bubble” (Cecil et al. 2001). The outflows seem to orig-
inate from the nucleus and reach velocities up to ∼ 1500 km s−1 (Cecil et al.
2001). However the exact origin of this ”super-bubble” feature is still ambiguous
due to the difficulty to distinguish the role of the starburst from the AGN. Chan-
dra X-ray observations also show a clear correspondence of X-ray filaments with
Hα filaments extended∼ 65 pc from the nucleus (Cecil, Bland-Hawthorn, & Veilleux
2002). A nuclear jet outflow has also been observed in the radio continuum as
two, kilo parsec-scale, radio lobes extending on both sides of the major axis of
the galaxy (Duric, & Seaquist 1988; Baan, & Irwin 1995). These radio lobes are
believed to be associated with the nuclear activity of the galaxy.
It is interesting to note that NGC 3079 is found in a small group with two known
small companion galaxies: NGC 3073 and MCG-917-9. The optical appearance
of both companions do not show any disturbance, however, in radio NGC 3073
seems to be affected by nuclear activity in NGC 3079 (Irwin et al. 1987). Due
to the proximity of the galaxy, NGC 3079, all the interesting features can be
studied glorious detail.
2 The Complex HI Structure of NGC 3079
Neutral hydrogen was detected in both emission and absorption. The HI emis-
sion from NGC 3079 appears to be more complex than thought in previous
1
2studies, with a much more extended and highly asymmetric distribution (see
Fig. 1). The HI disk also shows an asymmetric warp in the outer regions. A
large stream of gas, encircling the entire galaxy was discovered, making an HI
bridge between NGC 3079 and MCG 9-17-9, which indicates interaction between
the two galaxies. A new companion galaxy is also discovered taking part in the
streaming gas around the galaxy.
MCG 9−17−9
NGC 3073
Figure 1. Total HI distribution of NGC 3079 with HI column density contours
of 0.01, 0.1, 0.3, 0.5, 1, 3, 5, 10, 30 and 50 ×1020 cm−2. The HI distribution of the
companion galaxies, including four new companions, is also shown here.
2.1 Are MCG 9-17-9 and NGC 3073 being Ram Pressure Stripped?
MCG 9-17-9: This galaxy appears to have an interaction with NGC 3079. The
HI bridge between the two galaxies is evidence for this (see Fig. 2), and it seems
a gas tail which has been stripped off MCG 9-17-9 during the interaction. The
X-ray halo of NGC 3079 is strong enough to be responsible for stripping off gas
from MCG 9-17-9.
NGC 3073: Interestingly enough, an extended HI tail was seen in NGC 3073
that is much longer than seen in previous observations with significant curvature
(see Fig. 1). As suggested by Irwin et al. (1987) the HI tail of this galaxy can
be explained by ram pressure due to the supper-wind from NGC 3079. While
the wind ram pressure seems to be responsible for the ’Cometary’ appearance
of NGC 3073, we have seen a drop in the surface brightness of NGC 3073 along
the tail that can not be explained by a steady wind or constant density. Perhaps
temporal changes in the wind properties are responsible for this drop.
2.2 A Third Tail?
Another interesting result (although tentative) obtained from our data is that
the presence of a third galaxy that seems taking part in the interaction with
NGC 3079. An HI gas has been detected at the position of the optical galaxy
SDSS J100311.18+553557.6 (no previous redshift was available) at a velocity of
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Figure 2. Position-velocity slice taken along PA=115◦ showing the HI bridge
between MCG 9-17-9 and NGC 3079 to the right. The “third tail” feature is also
shown to the left. Contours are in steps of 2σ.
1050 km s−1. This HI gas exhibits a tail like structure forming a bridge toward
NGC 3079 (see Fig 2).
3 A fast outflow of neutral hydrogen in NGC3079?
Our data show strong and broad (over 600 km s−1) HI absorption against the
nuclear region of NGC 3079. Since the the absorption is unresolved at the
highest resolution of our observation, one can only tell that it originates from
the gas located in front of the inner 1 kpc of the radio continuum. The HI
absorption spectra show multiple-component structure with a mixture of broad
and narrow components. The deep part of the absorption covers the velocity
range of the observed HI emission associated with the rotating disk (see Fig.
??). This component has been studied in detail by Baan, & Irwin (1995) and
Pedlar et al. (1996). In addition to this already known component, we report
the tentative detection of a highly blueshifted, faint component of the absorption
that reaches velocity up to 400 km s−1 with respect to the systemic velocity. This
absorption is much broader than the rotation velocities observed in the galaxy
and therefore it is likely associated with fast non-circular motions. Blueshifted
absorption has to be associated to an outflow. Fast outflows of neutral gas
have already been detected in other radio galaxies (e.g; Morganti et al. 2003).
In other radio sources where such fast cold gas has been detected the most
likely origin for the outflow is considered to be the interaction of the jet with a
dense interstellar medium that surrounds the radio source. In case of NGC3079,
however, it is more complicated to find the origin for this fast outflow. Both a
starburst component as well as the AGN can be responsible .
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Figure 3. (a) Continuum map, obtained after applying Peeling technique, over-
laid on DSS2 image. The lowest contour level is 0.2 mJy beam −1. Extensive
continuum halo and several extension are visible. (b) Position-velocity slice taken
along the major axis. Gray contours are in steps of -2 σ level. (c) The HI absorption
spectra detected against the central region of NGC 3079. (d) A zoom-in of the HI
absorption optical depth.
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